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In addition to coordinate data, information relevant to Table 2a. Primary experimental information stored in the NDB
the crystallographic experiment is abstracted from the — Continued
primary literature for inclusion into the database. These
include crystallization conditions, refinement statistics

Crystallization descriptioh Method

. o X X : Temperature
and data collection statistics. Other derived information, pH value
such as the distances, angles, torsion angles, and base Composition of solutions
morphologyparameters, is calculated from the coordi- _ . .
nate data and placed in the database. Tables 2a and 2pRefinement informatioh Method
list summaries of the information currently in the NDB Program .
: Number of reflections used for re-
finement
Table 1. NDB holdings as of October 1995 Data cutoff
408 structures (390 released) Resolution range
R-factor
Structure Type Number Refinement of temperature factors
and occupancies
A-DNA 51
zl\éA'\/I iNA Hybrid il Coordinate informatioh Atomic coordinates, occupancies
- | 0 and temperature factors for
DNA-Drug Complexes 93 asymmetric unit
B-DNA 66 Coordinates for symmetry related
RNA-Drug Complexes 19 strands
Z;?DNI\IAA 1(7) Symmetry related coordinates in
t | DNA o unit cell (packing)
U”US‘,‘a ) ) Orthogonal or fractional coordi-
Protein-Nucleic Acid Complexes 66 nates
Unusual RNA 14
Table 2a. Primary experimental information stored in the NDB Table 2b. Derivative information stored in the NDB
Structure summary Descriptor Distance$ Chemical bond lengths
NDB, PDB, and CSD names Virtual bonds (involving
Coordinates available (yes/no) phosphorus atoms)
Modifiers (yes/no) . . . .
Mismatches (yes/no) Torsion$ Ba;::glzze and side chain torsion

Drugs (yes/no .
gs (v ) Pseudorotational parameters

Structural descriptioh Sequence
Structure type (A/B/Z/RH/U/P) Angles Valence bond angles
Description of modifiers of base, Virtual angles (involving phos-
phosphate, and sugar phorus atoms)

Description of base mismatch Base morpblogy? Parameters calculated by different
Name and binding type of drug algorithms
Description of base pairing
Description of contents of asym- 2Reports can be generated in either ASCII or LATEX.
metric unit ® Reports can be generated as an NDB or PDB coordinate file, a
Citation® Authors CKinemage template, _or as Po§tScript molecular graphics.
Title Parameters can be displayed in both LATEX or ASCII tables, or as
Journal a PostScript conformation wheel.
Volume
Pages
vear 3. Data Processing
Crystal data Cell dimensions 3.1 Data Entry and Integrity Checks
Space group
Data collection descriptiédn ~ Source of radiation The scheme for data processing is given in Figs. la
Data collection device and 1b. A set of filter programs have been developed
Radiation wavelength that allow this process of data entry and integrity check-
Temperature . .
Resolution range ing to be highly automated. A key feature of the system
Total and unique number of re- ?s the use of a_templat_e based on _m_n_1CIF. A template
flections is a CIF data file that includes definition and example
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which have been determined by a particular author. torsion angles of the three classes of DNA duplexes.
Two examples of the use of structure selection con- In order to automate this type of survey, batch query
straints are presented in Tables 3a and 3b. capabilities were built into the system. Examples of

It is possible to use either the menu driven interface graphical outputs are shown in Fig. 4.
to NDBquery or the WWW forms based systemto gen-  The NDBquery program also produces molecular
erate selection constraints. The advantage of the lattergraphics in a variety of formats. Structures can be
method is that it places no restrictions on the user other depicted using color codes for the properties of the
than the ability to use the World Wide Web using either atoms or residues. Automatic packing pictures are
Netscape or Mosaic. A sample query using the WWW generated in PostScript format using NDBquery and in
access is shown in Fig. 2. raster form using NDBview [3]. Various types of repre-

) sentations, including ball and stick and Van der Waals
4.2 Report Generation spheres, are available (Fig. 5).

Once the selection constraints are defined, a large There are provisions for detailed formatting so that a
variety of reports can be generated that describe any ofcomplete set of publication quality reports for a set of
the properties that are stored in the database. The sim-structures can be produced. To simplify the query
plest type of report is the list of coordinates for the process, some standard and commonly used gueries are
selected structures. In addition, the NDBquery program saved and made available for the user. In addition, the
produces reports in a wide variety of formats. Tabular user may save her own queries to be used repeatedly for
reports such as those shown in Fig. 3 can be produceda particular project.
in either ASCII or PostScript formats. The WWW forms based interface also allows for

Graphical reports relating any two properties can be report generation. Coordinates may be retrieved in
generated. It is possible to produce scatter charts, his-mmCIF, NDB or PDB format. It is also possible to
tograms, and pie charts that can be used to analyze theaetrieve an Atlas page (see later) and to view the struc-
properties of the structures contained within the data- ture using a dynamiciewer. The latest version of the
base. These report features were used to examine theVWW Interface can also create tabular reports based
frequency distributions as well as the correlations of on any of the features contained in the database.

Table 3a. Example 1: Structure selection of B-DNAs containing the residue sequéhog “C G ” without base modifiers, mismatches, or drugs

Table Property Operator Operand Logical
structural_information structure_type = B AND
structural_information Sequence_of_Strand_A like %CGCG% AND
structure_summary base_modifier is null AND
structure_summary mismatch is null AND
structure_summary drug is null AND

Table 3b. Example 2: Structure selection of B-DNAs with resolutisii.9 A and R factors <0.17 by authors A. Rich, R. E. Dickerson, or

O. Kennard

Table Property Operator Operand Logical
structural_information structure_type = B AND
r_factor Up_Lim_Resol_Ref = 1.9 AND
r_factor R_Value < 0.17 AND
citation authors like R. E. Dickerson OR
structural_information structure_type = B AND
r_factor Up_Lim_Resol_Ref = 1.9 AND
r_factor R_Value < 0.17 AND
citation authors like A. Rich OR
structural_information structure_type = B AND
r_factor Up_Lim_Resol_Ref = 1.9 AND
r_factor R_Value < 0.17 AND
citation authors like O. Kennard
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Fig. 2. Sequence for a simple query, i.e., choosing structures that contain the specific sequence ACGCG using the WWW Interface, version 2.0

(October 1995).

Beginning from the upper left:

a. TheTable Selection Menufrom the NDB Structure Selection f.
Menu is chosen

b. The Structural_information menu is selected from th&able
Selection Menu.

c. Sequence_of_Strand_As selected from th€olumn Selection
Menu.

d. The desired sequencA,C G C G, is ettered in capital letters with
spaces separating each residue in the provided field. To move to
the next step, th€ontinue bar, is selected.

e. Once all of the desired constraints are selediaeécute Query

is pressed from the top of the Column Selection Menu.
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A list of the NDB identifiers of the structures containing the
sequence ACGCG is presented. The user may now:

Retrieve coordinates in NDB Format

Retrieve coordinates and the bibliographic information in NDB
Format (Full Entry)

Retrieve coordinates in PDB Format

Display the structure using a remot&wer (launching RasMol
viewer on mbserver)

Display the structure using a localewer (launching your own
viewer)

Display the Atlas Entry for the structure
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Citations for Structures With Coordinates by Author A.H.-J. Wang
Containing the Sequence CGCGCG

NDB ID | Citation

DDF023 | A.H.-J.Wang, Y.-G.Gao, Y.-C.Liaw, Y.-K.Li

Formaldehyde Cross-Links Daunorubicin and DNA Efficiently: HPLC and X-Ray Diffraction Studies
Biochemistry, 30, 3812-3815, 1991.

ZDF001 | A.H.-J.Wang, G.J.Quigley, F.J.Kolpak, J.L.Crawford, J.H.Van Boom, G.A.Van Der Marel, A.Rich

Molecular Structure of a Left-Handed Double Helicai DNA Fragment at Atomic Resolution

Nature, 282, 680-686, 1979.

ZDFo002 | R.V.Gessner, C.A.Frederick, G.1.Quigley, A.Rich, A.H.-J.Wang

The Molecular Structure of the Left-Handed Z-DNA Double Helix at 1.0 Angstrom Atomic Resolution. Geometry,
Conformation, and lonic Interactions of d{CGCGCG)

J.Biol.Chem., 264, 7921-7335, 1989.

ZDFo028 | T.F.Kagawa, B.H.Geierstanger, A.H.-J. Wang, P.S.Ho

Covalent Madification of Guanine Bases in Double Stranded DNA: The 1.2 Angstroms Z-DNA Structure of
d(CGCGCQG) in the Presence of CuCl2

J.Biol.Chem_, 266, 20175-20184, 1991.

ZDFBO03 | S.Fujii. A.H.-J.Wang, G.A.Van Der Marel, J.H.Van Baom, A.Rich

Molecular Structure of (m5dC-dG)3: The Role of the Methyl Group on 5-Methyl Cytosine in Stabilizing Z-DNA
Nucleic Acids Res., 10, 7879-7892, 1982.

Page 1 created by the Nucleic Acid Database Project om Touw Aag 13 11:04:03 1998

Cell Dimensions for Structures With the Sequence AT G C

NDB ID | Descriptor/a b ¢ Alpha Beta Gamma SpcGrp Coord

ADHO032 | 5-D(*AP*TP*GP*CP*GP*CP*AP*T)-3', SPERMINE P43212 *
42.53 42.53 24.52 90.00 90.00 90.00

ADHO033 | 5-D(*AP*TP*GP*CP*GP*CP*AP*T)-3', W/O SPERMINE P43212 *
42.41 42.41 24.90 90.00 90.00 90.00

BDL007 | 5-D(*CP*GP*CP*AP*TP*AP*TP*AP*TP*GP*CP*G)-3’ P212121|Y
23.54 38.86 66.57 90.00 90.00 90.00

BDLO15 | 5-D(*CP*GP*CP*AP*AP*AP*AP*AP*TP*GP*CP*G)-3’ P2a12121 | Y
24.54 40.32 65.86 90.00 90.00 90.00

PDTo019% | OCT-1 POU DOMAIN-DNA COMPLEX cz2221 Y
97.50 89.80 80.00 90.00 90.00 90.00

UDGO028 | 5°-D(*GP*CP*AP*TP*GP*CP*T)-3' cz222 ~|Y
22.52 59.37 24.35 90.00 90.00 90.00

ZDHO0186 | 5-D(*CP*GP*CP*AP*TP*GP*CP*G)-3' P 65 *
30.90 30.90 43.14 90.00 90.00 120.00

Page | created by the Nucleic Acid Database Project on Tues Aug L5 11:09:48 1993

Structures With a G-T Mismatch

NDB ID | A Strand | B Strand | Descriptor Coord
ADHo18 G--5 T--4 5-D(*GP*GP*GP*TP*GP*CP*CP*C)-3’ *
ADHo16 T--4 G~-5 5-D(*GP*GP*GP*TP*GP*CP*CP*C)-3' *
ADHoO18 G--4 T--5 5-D(*GP*GP*GP*GP*TP*CP*CP*C)-3’ Y
ADHo18 T--5 G-4 5-D(*GP*GP*GP*GP*TP*CP*CP*C)-3’ Y
ADHo19 G--3 T--6 5-D(*GP*GP*GP*GP*CP*TP*CP*C)-3’ Y
ADHoO19 T--6 G--3 5-D(*GP*GP*GP*GP*CP*TP*CP*C)-3’ Y
BDL009 G--4 T--9 5-D(*CP*GP*CP*GP*AP*AP*TP*TP*TP*GP*CP*G)-3’ Y
BDLG09 T--9 G--4 5-D(*CP*GP*CP*GP*AP*AP*TP*TP*TP*GP*CP*G)-3’ Y
ZDFo013 G--2 T--5 5-D(*CP*GP*CP*GP*TP*G)-¥’ :

7ZNFN3a r-5 | G2 ] SN*CP*GP*CP*GP*TE*G)-3°

Fig. 3. Examples of Postscript reports created by NDBquery.
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Fig. 7. The NDB Homepage (available at http://ndbserver.rutgers.edu and is mirrored at the European
Bioinformatics Institute at http://www.ebi.ac.uk/NDB/).
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Fig. 8. The NDB Archives Page.

253



.wm_:om_o.mm pé
‘aouanbagg/q
cmus_o:.@m_

Volume 101, Number 3, May—June 1996

Journal of Research of the National Institute of Sta

W

sa

D1e|aJ Al1BWWAS 3y JO SWIa) Ul papod Joj0d aJe ||39 Hun ay} Jo suoneluasaldal uogqu pue Buijy adeds ay] (9) ‘usalb ul suiuenb pue ‘Moj|aA Ul sUIS0AD ‘pal Ul suluape ‘an|g ul SUIWAY) Yim
pPap09d 1002 SI INONIIS BY) JO Uoieluasaldal YoNs pue [[eq v "8injonJis sy Joj ajij S1eUIPIO0D 8y} 0} YUI| B pue ‘JUsWaulal ‘SUORIPUOD UOoNeZI|[eIsAId ‘sjueisuod ||30 ale Alua sejre ay) ul
Vv (g) "dnoib aoeds pue ‘uonelo ‘asusnbas ‘aweu punodwod ‘adAl ainjonas ayy smoys abed Ajua ayl jo dor ayl (e) [€T] T001Ag ‘ainoniis [e1sAio WNQ-4 1sii) ay 1o} Ajua sey uy "6 B4

2 q e

Iz IE v
dnoud aaedg

¢ dd iy
W ] - ] e e F;ﬁiuﬂm WAL
LI W SO R W T L WART

1951 ws=gis U T ey
Al o s [ ERRA] - % S
A T W WAT W H

1861 e -1 MR T
NI B U6 S SR ) OB R ] - 0 S
AT H A T T

TR G Ve i
R A 0 AR
P (14 H AT 3

T ] g 1O R B R e g

EORIRR] P LU SO ] W I - SR
USRS T R I N L Wy T L R M AT W H

ARy

DJoollvYDOoDg-1 B.TE §
OO LYY 300 - T oM =

BRI S| [0 sl A0
ELN 1 R TR M o e S TSR ey
SHRU PO

T W M BT < 1w rentng g |
i i P O N o U MO AT 0 i . e A ) S O AL

sasnyzd Eupyaed sy po wopasasdas uegne v

wematnd 111 T TET e B pra g o e saanbag
FTE TSR R A S el sl vl Lyl L gl 0 vl d Dol D d Do Tl M1 6
LIH AHIHEE UYL O — a1 AR pEnadum g
MR R~ RS -

RIS A0S — PN & W] B S
SEHNIPPENID WO | el iy aumpnng

(' RN _u.n..u.o. .__...a a0 = .:I._.__

T e - = BT -

saampapd Hupyed Suypu-aauds TP JINRNIE a5

T T o e s e e e e | T o [ i [ [ e e | T [ LL_LII._ |_|.rLL_

254






Volume 101, Number 3, May—June 1996
Journal of Research of the National Institute of Standards and dEgyn

dictionaries; reading and writing individual CIF data
items; data integrity checking of CIF data items; and
navigation through the CIF schema.

As the first version of the mmCIF dictionary nears
completion, the NDB is converting its data processing
system based on the mmCIF local dictionary to a system
which is based on the data representation in the mmCIF
dictionary. The core of this conversion is the integration
of SIFLIB into the NDB data processing scheme as
shown in Fig. 10. The key feature of this new data
processing scheme is that it takes full advantage of the

WwWw WwWw
Browser NDBQuery
SQL

HTML CIF
Generator Dictionary

[ Generator RDBMS]

dat_a descrlptlon _prOVIdEd by t_he mm_C”: dICtlonary Fig. 11. Schematic view of the NDB WWW forms based interface.
which now contains all of the information necessary The www version of NDBquery is called by the WWW server and

to perform detailed integrity checks for individual

provides the server with a description of the contents of the NDB

data items as well as for the relationships between datadatabase, which is presented as a set of menu selections. The WWW

items.

interface also manages the construction of SQL queries and all com-

munication with the NDB database.

7.2 \Validation
As a result of the surveys of both the NDB and CSD
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databases, dictionaries of standard covalent geometriesThe collaboration with Wilma Olson and David
and observed ranges of other structural features haveBeveridge on nucleic acid analysis projects using the

been compiled.
These dictionaries provide the foundation for the con-
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tinued development of structural validation tools that 8. References

will be used as benchmarks to evaluate each structure
submitted to the NDB.

mmCIF provides a mechanism for standardizing the
encoding of structural standards and other lengthy
tabulations reference data in External Reference
Files (ERFs). Information stored in ERFs can be
accessed using the same software (SIFLIB) as other
CIF data. We plan to integrate structural ERFs
automatically into the NDB data processing scheme
(Fig. 10).

7.3

The recently developed WWW interface to the NDB
database provides the structure selection features of the
more robust menu-driven interface, NDBquery. An
enhanced version of the WWW interface that will
provide both structure selection as well as report gener-
ation has recently been released.

The WWW interface is shown schematically in
Fig. 11. The figure highlights the underlying use of a
CIF dictionary to describe the database schema for the
WWW interface.

Information Retrieval
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